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RESEARCH NOTE 

Two eyes are better than one: 
binocular enhancement in the contrast domain 

I 

Jeff Rabin 

’ Aircrew Health and Performance Division, US Army Aeromedical Research Laboratory, 
Fort Rucker, AL 36362, USA 

Summary 

The purpose of this study was to compare the improvement in visual acuity (VA) with the 
improvement in contrast sensitivity (CS) with two eyes as compared with one. Computer 
generated letter charts were used to measure VA and small letter CS (20/25 Snellen 
equivalent) in 13 emmetropic subjects. Letter size (for VA) and contrast (for CS) were varied 
in equal log steps making the task comparable for the two types of measurement. VA 
improved by an average of 10% (2-3 letters), while CS improved by an average of 40% (1 % 
lines) when tested with two eyes as compared with one. Greater sensitivity in the contrast 
domain prevailed even when expressed relative to variability. Using this approach, binocular 
enhancement was identified in 8/13 subjects with CS, but in only 4/13 subjects with VA. 
Binocular enhancement of letter recognition occurs in both size and contrast domains. 
However, the effect is 4 x greater when small letters are varied in contrast rather than size. 
Potential applications are considered. 

Ophrhal. Physiol. Opt. 1995, 15, 45-48 

Most visual capabilities, including detection, discrimination, 
and recognition, are enhanced with two eyes as compared 
with one’-‘5. This improvement with binocular viewing 
has been attributed to the statistical advantage of having two 
independent sources of input rather than one which increases 
the probability of veridical perception’. Binocular enhance- 
ment also has been explained as a process of neural sum- 
mation wherein information from each eye is combined 
at a higher stage. The information includes spurious 
components uncorrelated with the signal (noise) which 
decreases with sample size making the signal more salient 
with two eyes compared with one2. In addition to prob- 
ability and neural summation, other theories of binocular 
enhancement have been advanced (for review)3,8, and it is 
likely that the specific mechanism in play depends on the 
nature of the task13. Regardless of the mechanism, 
binocular enhancement is a pervasive phenomenon evident 
in many tasks, and important in everyday life. 

While binocular enhancement has been investigated in 
patients with disturbances of binocular vision5.8.g.‘2.‘4, it is 
not commonly used in clinical environments to quantify the 
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degree of binocular integration. Clinical assessment of 
visual acuity (VA) often is performed under both monocular 
and binocular viewing conditions, and most clinicians will 
agree that, in patients with normal vision in each eye, VA 
is better with two eyes as compared with one. However, the 
improvement is slight (7-l l %), typically in terms of letters 
rather than lines on a VA char?~‘3-‘5. Hence, the value of 
this measurement is contingent on precise measurement of 
the acuity threshold. s 

In contrast to the small enhancement of VA, numerous 
studies have demonstrated larger increases in contrast sen- 
sitivity (CS) with binocular viewing, typically 40-50% 
higher than monocular values2-4383’03’33’4. While this suggests 
that measurement in the contrast domain would provide a 
more sensitive clinical index of binocular enhancement, a 
larger degree of enhancement does not ensure greater 
sensitivity if measurement variability also is greater. To 
determine the relative efficacy of measuring in contrast and 
acuity domains, values should be expressed relative to 
variability. 

The purpose of this study was to compare binocular 
enhancement in acuity and contrast domains. Letter charts, 
modulated in equal steps of size and contrast, were used to 
make the task comparable for VA and CS measurement. 

1 
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Small letters were used in each test making it likely that 
similar spatial frequency channels were assessed. To facili- 
tate direct comparison across acuity and contrast domains, 
binocular enhancement was expressed relative to the vari- 
ability of the measurement. 

Method 

VA and CS were measured with letter charts displayed on 
a video monitor16. The monitor luminance and contrast of 
individual letters were under software control, and verified 
repeatedly by photometric measurement across the display. 
VA and CS charts were patterned after the work of Bailey 
and Lovie” and Pelli er al.‘*. The acuity charts were com- 
prised of high contrast (93%) black letters on a white back- 
ground (116cdm-*). Each row consisted of five letters, 
and. from top to bottom, decreased in size by a constant 
factor (0.1 log unit per row). There were seven rows total 
with acuity ranging from 20/50 to 20112 (0.4 to -0.2 
logMAR). The same design principles were used for the 
letter contrast charts, but letter size was held constant 
(20/25 letters), while contrast decreased, by row, in 0.1 log 

steps (from 93% to 5%). There were 14 rows total with 7 
rows displayed at any one time, as for VA measures. The 
same letters were used on both charts (5 x 4 non-serifed 
letters about equal in legibility”,“) with vertical and 
horizontal letter spacing proportional to letter height and 
width, as specified by Bailey and Lovie”. Letter sequence 
was varied from trial to trial to discourage learning effects. 
Testing was conducted in an otherwise dark room at a 
distance of 4.8 m. Each subject was instructed to start from 
the top of each chart and read down as far as possible, and 
was encouraged to guess when unsure. Monocular thresholds 
(right and left eyes) were obtained first followed by 
binocular measurement. Scoring was conducted by letter 
with a precision of 0.02 log units (0.1 log units per five 
letter row). VA was scored as the log of the minimum angle 
of resolution (logMAR)“, while CS was scored as the log 
of the inverse contrast threshold (1ogCS)“. Thirteen em- 
me!.ropic subjects (ages 2 l-26 years) with uncorrected VA 
of at least 20/20 in each eye were tested. All subjects had 
satisfied stringent vision standards for pilot training including 
assessment of ocular motility, ‘phoria and stereopsis. 
Informed consent was obtained after protocol approval by 
our institutional review committee. 

Results 

Figure 1 shows binocular enhancement of VA and small 
letter CS for 13 subjects. For each subject, binocular en- 
hancement was determined by taking the difference between 
the binocular and monocular scores, with the monocular 
score representing the mean of the right and left eyes. Since 
all scores are expressed in log units, the difference between 
binocular and monocular scores is analogous to the binocular/ 
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Figure 1. Binocular enhancement (difference between 
binocular and mean monocular log score) is plotted for 13 
subjects for visual acuity and small-letter contrast 
sensitivity. Expressed in percentage, mean enhancement 
was 10% for visual acuity (2-3 letters), and 40% for 
contrast sensitivity (1 ‘/2 lines). i 

monocular ratio (antilog of difference = ratio). As indicated 
in Figure 1, mean binocular enhancement was about 10% 
for VA (0.045 logMAR), and 40% for CS (0.141 IogCS). 
The 10% improvement in VA is comparable to values 
reported in previous studies using gratings’ and letter 
stimu1i’3.‘5, but represents an increase of only 2-3 letters 
on the acuity chart. The 40% enhancement of CS also is 
consistent with previous studies2s’4, and represents a much 
larger improvement of 1 L/2 lines on the contrast chart. 

Despite greater binocular enhancement in the contrast 
domain, a larger effect does not ensure greater test sensitivity 
if variability also is greater, as was the case for CS. To 
standardize binocular enhancement relative to variability, 
the enhancement for each subject (binocular - monocular 
score) was divided by the standard deviation (SD) of en- 
hancement across all subjects. This expresses the improve- 
ment with two eyes as SDS from monocular performance, and 
allows for a more direct comparison of VA and CS. Figzrrc! 2 
shows binocular enhancement as SDS from the monocular 
score. Using a significance criterion of two SDS, 8113 
subjects show binocular enhancement with CS, while only 
4/13 show enhancement with VA. This result demonstrates 
that letters modulated in contrast rather than size provide a 
more sensitive index of binocular enhancement. 

Discussion 

This study confirms that both VA and CS are better with 
two eyes as compared with one. The 10% improvement in 
VA is consistent with values reported in previous studies 
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Figure 2. Binocular enhancement, expressed as the 
number of standard deviations (SD) from the monocular 
score, is plotted for 13 subjects for visual acuity and small- 
letter contrast sensitivity. Using a criterion of two SD, 
8/13 subjects showed enhancement with contrast 
sensitivity, but only 4/13 with visual acuity. 

using gratings and letter stimuli’.‘“.‘5. However, this rep- 
resents only a small improvement (2-3 letters) on standard 
clinical tests of VA, and could be overlooked without 
precise measurement. The larger enhancement in CS (40%) 
also is consjstent with previous studies of binocular en- 
hancement. Most notable is the study of Campbell and 
Green2 who reported an improvement of about 40% across 
a range of spatial frequencies. This enhancement was 
attributed to a summation process in which information 
from each eye is combined at a higher stage. The infor- 
mation includes variability uncorrelated with the signal in 
each eye. The standard error of the summation decreases 
with the square of the number of samples making the signal 
from two eyes more detectable by a factor of 42, or 41%. 
Campbell and Green’ and Cagenello and coworkers” noted 
that an enhancement of approximately 40% along the contrast 
dimension entails a much smaller improvement in the spatial 
frequency domain (7-l 1%). This can be attributed to the 
steep descending slope of the contrast sensitivity function 
(CSF) for which small. changes in spatial frequency are 
associated with larger changes in contrast sensitivity. 
Shifting the CSF upward by 40% along the CS dimension 
results in a smaller shift rightward along the spatial fre- 
quency (VA) axis. Thus, binocular enhancement of small 
letter CS is expected to be larger than VA, as reported in 
the present study. 

While the enhancement of binocular CS is much greater 
than that of VA, the significance of this difference is com- 
plicated by several factors. First, the two tests address 
different aspects of visual function, one measuring a size 
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and the other a contrast threshold. Second, the two meas- 
ures often are made with different techniques having 
different degrees of precision making direct comparison 
difficult. Finally, the significance of binocular enhance- 

ment depends on the variability of measurements. A larger 
effect does not ensure greater sensitivity if measurement 
variability also is greater. The methodology used in the 
present study mitigates against these factors. A letter 
recognition task, using the same letters, step size, and 
scoring procedure, was used for VA and CS such that the 
letter recognition task was comparable for the two types of 
measurement. Small letters were used to measure both VA 
and CS thresholds making it likely that comparable, high 
spatial frequency channels were assessed in each measure- 
ment. By standardizing scores relative to variability, it was 
possible to make a more direct comparison of the degree of 
binocular enhancement in contrast and acuity domains. 
This approach suggests measurement in the CS domain is 
at least 2~ more sensitive than VA for identifying im- 
provement with two eyes compared with one. 

There are several potential applications to the present 
results. Clinical assessment of the response to amblyopia 
therapy may be enhanced by measuring small letter CS 
under monocular and binocular conditions. Monocular 
assessment would complement monocular measures of VA, 
and the degree of enhancement under binocular conditions 
may serve as an additional index of binocular integration. 
In patients optically corrected for anisometropia, the degree 
of binocular enhancement of CS may indicate the efficacy 
of the refractive correction. Enhancement in the contrast 
domain also could be used as an adjunctive index of binocu- 
larity in monocular aphakes, pseudophakes, or in other 
types of refractive surgery. The degree of binocularity 
achieved with advanced avionics and night vision displays 
may be better assessed by measuring binocular enhance- 
ment in the contrast domain. Further testing will be needed 
to determine whether binocular enhancement of small letter 
CS complements more definitive tests of binocular vision 
such as clinical assessment of stereopsis. 
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